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Substitute Specification and Abstract 



COIL FORMING INSERTION DEVICE AND COIL FORMING 
INSERTION METHOD 

CROSS-REFERENCE TO RELATED APPLICATIONS 

[0001] This application is a National Phase Application (35 USC 371) of 
PCT/JP2004/005650 and claims priority of Japanese Application No. 2003-116222, 
filed April 21, 2003. 

Technical Field 

[0002] The present invention relates to a coil forming and insertion device and 
to a method for forming a coil and for inserting and arranging this coil in a stator core 
to be incorporated into an electric motor. 

Background Art 

[0003] In the manufacture of a motor having a stator with slots for insertion of 
plural monopole coils into slots of the stator core, a multipole coil is formed by joining 
the plurality of the monopole coils. 
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[0004] In a conventional coil forming method, a winder guiding an electric wire 
(wire) travels around a fixed winding frame, and the electric wire is wound around the 
winding frame to form the monopole coil. 



[0005] JP-A-2000-253631 discloses a winding apparatus including a winding 
frame with a changeable outside diameter and a flyer which is rotated around the 
winding frame. The coil with joined poles (multipole coil) for use in a motor is formed 
by sequentially dropping the wound monopole coil onto a blade. 

[0006] However, in the winding apparatus of JP-A-2000-253631 when the 
monopole coil is dropped onto the blade, the monopole coil is intended to drop into a 
clearance between needles of the blade from the winding frame positioned above the 
blade. However, there exists the possibility that, in certain cases, the monopole coil 
can not drop to the clearance. Accordingly, transfer and mounting of the monopole 
coil is unreliable. Further, in certain cases, when the monopole coil drops onto the 
blade, the order of the electric wires in this monopole coil will change from the winding 
order in which the wires were wound. 

[0007] Further, in the method of JP-A-2000-253631, after one monopole coil 
is formed on one winding frame, this monopole coil is dropped in sequence onto the 
blade. Therefore, there is the possibility that the lengths of the connecting wires 
connecting the respective monopole coils together will differ. The multipole coil having 
the respective monopole coils joined by the connecting wires is formed on the blade. 
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Accordingly, the state of the multipole coil products may vary. 



SUMMARY OF THE INVENTION 



[0008] The present invention is made in consideration of the problems 
associated with the above-described conventional apparatus, and provides a coil 
forming and insertion device and a coil forming and insertion method providing a 
constant length for the connecting wires connecting the respective monopole coils. 
Further, the apparatus of the present invention is capable of mounting the multipole 
coils approximately simultaneously and reliably delivering each monopole coil to coil 
receiving portions almost without change from the state in which multipole coil is 
formed. 

[0009] In a first aspect the present invention provides in a coil forming 
apparatus comprising a winding jig for forming a multipole coil by joining plural 
monopole coils, each formed by winding an electric wire on a coil winding frame, and 
an inserter jig opposed to the winding jig and receiving the multipole coil and inserting 
it into slots formed on the inner circumferential face of a stator core. 

[0010] The winding jig has plural coil winding frames, and the inserter jig has 
plural coil receiving elements (portions) for respectively receiving the monopole coils 
from the coil winding frames. Each coil receiving element is arranged opposed to a 
coil winding frame, and the multipole coil, formed by joining the monopole coils wound 

3 



r r 

around each coil winding frame, is formed so as to facilitate transfer from the winding 
jig to the inserter jig. 



[001 1] In operation of the coil forming apparatus of the invention, the multipole 
coil is formed in the above winding jig and each monopole coil is approximately 
simultaneously delivered to the coil receiving elements and can be transferred to the 
inserter jig as the multipole coil. 

[0012] Because monopole coils are formed on coil winding frames having 
mutually fixed positions, it is possible to make the connecting wires formed between 
the respective monopole coils have the same length. 

[0013] When the coil winding frames holding the monopole coils and the coil 
receiving portions are aligned in opposition to each other, the monopole coils can be 
approximately simultaneously and reliably delivered to the coil receiving elements. 
Therefore, in this transfer, there is almost no change in the winding order of the 
electric wire loops in the monopole coils from the winding order in which the monopole 
coils are formed. 

[0014] A second embodiment of the apparatus of the invention comprises a 
winding jig for forming a multipole coil by joining plural monopole coils, and an inserter 
jig opposed to the winding jig for receiving the multipole coil and for inserting and 
arranging the multipole coil in slots formed in the inner circumferential face of a stator 
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core. 

[001 5] The winding jig has plural coil winding frames for forming the monopole 
coils by winding the electric wire about winding axes located the same distance from 
the central axis of the winding jig, and arranged approximately parallel to each other. 

[0016] The inserter jig has a slidable core for pushing the multipole coil into 
slots of the stator core, and also has plural coil receiving elements (portions) arranged 
around the outer circumferential face of the slidable core for receiving a monopole coil 
from a coil winding frame. 

[001 7] When the multipole coil is moved from the winding jig to the inserter jig, 
each coil receiving portion is arranged opposed to the end face of a coil winding frame 
and aligned in the direction of the winding axis. Subsequently, each coil winding 
frame is connected to a coil receiving portion to form a surface defining transfer path 
for sliding a monopole coil in transfer of same. 

[0018] In the coil forming and insertion device of the second embodiment of 
the invention, as in the first embodiment, the multipole coil is formed in the above 
winding jig and each monopole coil is approximately simultaneously and reliably 
delivered to the coil receiving elements and can be moved and mounted on the 
inserter jig. 
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[0019] Namely, in the winding jig of the second embodiment, the plural coil 
winding frames are arranged approximately in parallel with each other and the 
multipole coil is formed by winding a monopole coil around each coil winding frame. 
Therefore, a monopole coil is formed on each of the coil winding frames in the 
mutually fixed relative position. Accordingly, it is possible to make the connecting 
wires between the respective monopole coils of the same length. 

[0020] Further, the above inserter jig has each coil receiving portion aligned 
in opposition to the end face of a coil winding frame. When each coil winding frame 
and each coil receiving portion are connected, they together form a transfer 
surface/path. Therefore, when each monopole coil is delivered from its coil winding 
frame to the coil receiving elements, each monopole coil can be reliably moved along 
its thus formed transfer path maintained within the center of the monopole coil. 

[0021] Each monopole coil can be approximately simultaneously delivered to 
the coil receiving elements. Therefore, in this transfer, there is almost no case in 
which the winding order of the electric wire loops in each monopole coil will be 
changed from the winding order in which the monopole coil is formed. Therefore, the 
multipole coil can be transferred from the winding jig to the inserter jig almost without 
any change in the state of the multipole coil. 

[0022] A third aspect of the invention resides in a coil forming insertion method 
in which a winding jig for forming and joining pole coils and an inserter jig for inserting 
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and arranging the joined pole coils in slots formed on the inner circumferential face 
of a stator core are used. Plural monopole coils are formed and joined to form a 
multipole coil, the monopole coils formed by winding an electric wire around each of 
plural coil winding frames arranged in the winding jig. Each monopole coil held on a 
coil winding frame is simultaneously delivered to each of plural coil receiving elements 
arranged in the inserter jig, and the multipole coil is transferred to the inserter jig. 

[0023] In the coil forming and insertion method of the invention, the multipole 
coil is formed on the above winding jig and each monopole coil is approximately 
simultaneously delivered to the coil receiving elements in transfer onto the inserter jig. 

[0024] Therefore, as in the previously described embodiment, the length of the 
connecting wires connecting the respective monopole coils to each other can be made 
constant (equal), and the transfer operation can be performed almost without change 
in the forming state of the multipole coil by approximately simultaneously and reliably 
transferring each monopole coil to receiving elements of the inserter jig. 

[0025] A fourth aspect of the invention resides in a coil forming insertion 
method including a coil forming step for forming a multipole coil by joining plural 
monopole coils formed by winding loops of an electric wire in a winding jig, a coil 
transfer step for moving and mounting the multipole coil from the winding jig to the 
inserter jig, and a coil insertion step for inserting and arranging the multipole coil in 
slots formed on the inner circumferential face of a stator core utilizing the inserter jig. 

7 



r r 

[0026] In the coil forming process, plural coil winding frames for forming the 
monopole coil by winding the electric wire are arranged in an approximately circular 
array approximately in parallel with each other. 

[0027] In the coil transfer process, a slidable core in the inserter jig is used for 
pushing the multipole coil for insertion into a slot of the stator core, and also has plural 
coil receiving elements which are arranged on the outer circumferential face of the 
core and respectively receive the monopole coils from the coil winding frames. Each 
coil receiving element is aligned in opposition to the end face of a coil winding frame, 
extending in the direction of the winding axis, and each coil winding frame is 
connected with a coil receiving element by using the inserter jig. The connection of 
a coil winding frame with a coil receiving element forms a transfer path for moving 
each monopole coil from a coil winding frame onto a coil receiving element while the 
transfer path is located within the center of a monopole coil. 

[0028] Therefore, the length of the connecting wires connecting the respective 
monopole coils to each other can be made constant, and the above-described 
transferring and mounting operations can be performed almost without change in the 
state of the multipole coil as formed by approximately simultaneously and reliably 
delivering each monopole coil to coil receiving elements. 

[0029] It is preferred that each coil winding frame has a slot in its end face for 
receiving the tip portion of a coil receiving element. The multipole coil is transferred 
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from the winding jig to the inserter jig after the tip portion of each of the coil receiving 
elements is fitted into the slot of each coil winding frame. 



[0030] In this case, each coil winding frame and each coil receiving portion can 
be easily and reliably connected to each other by the above fitting operation, and a 
transfer surface/path is easily formed. 

[0031] Further, it is preferred that the above-mentioned slots have a depth 
enabling the coil receiving portions (elements) to be inserted completely through the 
central opening of the monopole coil wound around a coil winding frame. Thus, when 
the above described connection has been made, the end of each coil receiving portion 
is necessarily inserted and arranged within the center of each monopole coil 
respectively mounted on the coil winding frames. Therefore, each monopole coil can 
be reliably transferred from the coil winding frames to the coil receiving portions. 

[0032] It is also preferred that the winding jig has a core slidably mounted in 
the center of each coil winding frame so as to be advanced and retracted for pushing 
the multiple coil from the coil winding frame onto the inserter jig. In this manner the 
core can move the multiple coil to a predetermined position on the inserter jig. 

[0033] The above-mentioned predetermined position is a position set for 
inserting and arranging the multipole coil, transferred from the inserter jig, into the 
slots of the above stator core. Thus, after the multipole coil has been moved to and 
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mounted on the inserter jig, the multipole coil in this mounted state can be inserted 
and arranged in the slots of the stator core. 



[0034] It is also preferred that each coil winding frame have an inner winding 
frame portion and an outer winding frame portion arranged opposite the inner winding 
frame portion. The outer winding frame portion can be moved so as to change its 
distance from the inner winding frame portion, i.e. moved between a winding position 
for winding the electric wire and a release position for separating the monopole coil 
from the coil winding frame after the winding operation has been completed. 

[0035] When the electric wire is wound, the outside winding frame portion of 
each coil winding frame is set in its winding position (Fig. 3), and it is possible to form 
the monopole coil with a diameter determined by the distance between the outside 
winding frame portion and the inside winding frame portion. 

[0036] Further, when the coil winding frames are connected to the coil 
receiving elements, each outside winding frame portion is located in its release 
position (Fig. 4) by reducing the distance between each outside winding frame portion 
and the attached inside winding frame portion, to separate the monopole coils 
therefrom. 
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[0037] It is also preferred that the outside winding frame portion is stepwise 
increased in diameter in a direction perpendicular to and away from the turning arm. 



[0038] When the outside winding frame portion is set in its above winding 
position, the result is a monopole coil having a winding diameter which increases 
stepwise in the direction extending away from the winding jig. Therefore, when the 
multipole coil including this monopole coil is inserted and arranged in the slots of a 
stator core or a rotor core, this multipole coil can be collectively inserted and arranged 
by locating its large diameter side at the opening sides of the slots. 

[0039] Further, when the outside winding frame portion is located in its release 
position, each monopole coil can be easily separated because the outside diameter 
of the coil winding frame is reduced in the direction away from the winding jig. 

[0040] It is also preferred that the winding jig has a turning arm mounted so as 
to be turned about a central turning axis connected to a turning device, and also has 
an index holder mounted for rotation relative to the turning arm around a central axis 
of rotation offset from and approximately parallel to the central turning axis. 

[0041] The plural coil winding frames are arranged in a circular array around 
the index holder, approximately equidistant from the central axis of rotation, and the 
winding axes of the respective coil winding frames are approximately parallel to each 
other and to the central turning axis. Each coil winding frame is mounted for 
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reciprocating movement so as to be advanced and retracted along the central turning 
axis. In other words, each coil winding frame is mounted so as to be advanced in an 
"advancing direction" away from the inserter jig and away from the remaining coil 
winding frames, to a position where it is axially projected from and separated from the 
remaining coil winding frames. 

[0042] To form the multipole Coil, the index holder and the coil winding frames 
are rotated together as a unit by the turning arm with only the coil winding frame for 
winding the electric wire projected axially beyond the other coil winding frames and the 
electric wire is wound around the one projected coil winding frame. Therefore, unlike 
the prior art, there is no use of a winder rotating around the outer circumference of a 
fixed winding frame. Accordingly, each monopole coil can be formed almost without 
imparting torsion to the electric wire. 

[0043] Further, each coil winding frame can be sequentially brought into 
approximate alignment with the central turning axis by rotation of the index holder. 
Therefore, although the coil forming apparatus has plural coil winding frames, the 
electric wire can be wound around the coil winding frame axis with very little 
eccentricity relative to the central turning axis. 

[0044] After the monopole coil is formed on one coil winding frame, the index 
holder is rotated to bring the next adjacent coil winding frame into approximate 
alignment with the central turning axis. 
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[0045] Therefore, the electric wire can be stably wound without changing the 
direction from which the electric wire is supplied to each coil winding frame and the 
monopole coil can be stably formed, almost without torsion, on any coil winding frame. 

[0046] Further, the electric wire can be easily supplied to the projected coil 
winding frame from a direction perpendicular to its winding axis. Therefore, the 
electric wire is easily supplied and is also easily wound around the coil winding frame. 
Further, it is possible to further reduce imparting of torsion in the coil winding 
operation. 

[0047] In the coil transfer and mounting steps, each monopole coil is separated 
from a coil winding frame by reducing the outside diameter of each coil winding frame 
in the direction away from the turning arm. Thus, it is possible to easily form the 
multipole coil constructed of the monopole coils having a winding diameter which 
increases from one side to the other. Further, this pole joining coil can be easily 
separated from the winding frame. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0048] Fig. 1 is a perspective view of a first embodiment of a coil forming 
device in accordance with the present invention. 

[0049] Fig. 2 is a schematic view showing the coil forming device in a state 
with a multipole coil formed thereon, i.e. with a monopole coil wound on each coil 
winding frame of the apparatus of the first embodiment. 
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[0050] Fig. 3 is a side view of a winding frame with its outside winding frame 
portion located in a winding position, in accordance with the first embodiment. 

[0051] Fig. 4 is a side view of the winding frame of Fig. 3 with its outside 
winding frame portion located in a release position. 

[0052] Fig. 5 is a perspective view of the coil forming device with the winding 
axis C1 of a first coil winding frame approximately aligned with the central turning axis 
of its turning arm and with the first coil winding frame projected beyond the remaining 
winding frames in the first embodiment. 

[0053] Fig. 6 is a perspective view of the coil forming apparatus of the first 
embodiment showing a monopole in the process of formation by winding an electric 
wire around the first coil winding frame. 

[0054] Fig. 7 is a perspective view showing the coil forming apparatus of the 
first embodiment with the winding axis of a first connecting wire winding frame in 
approximate alignment with the central turning axis of the turning arm and projected 
below the remaining winding frames and showing the electric wire being wound 
around this first connecting wire winding frame. 

[0055] Fig. 8 is a perspective view showing the coil forming apparatus of the 
first embodiment with the winding axis of a second coil winding frame in approximate 
alignment with the central turning axis of the turning arm and projected below the 
remaining winding frames. 

[0056] Fig. 9 is a perspective view showing the coil forming apparatus of the 
first embodiment with a monopole coil formed around the second coil winding frame. 

[0057] Fig. 10 is a perspective view showing the coil forming apparatus of the 
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first embodiment with a multipole coil formed thereon by winding the electric wire 
around all the winding frames. 

[0058] Fig. 11 is an explanatory view showing the multipole coil formed by 
winding the electric wire around all the winding frames in the first embodiment. 

[0059] Fig. 12 is a plan view of the coil forming apparatus of a second 
embodiment in a state in which the multipole coil is in the process of being transferred 
from a winding jig onto an inserter jig. 

[0060] Fig. 13 is an explanatory side view showing the coil forming apparatus 
of the second embodiment in a state in which the winding jig holding the multipole coil 
is advancing toward the inserter jig. 

[0061] Fig. 14 is an explanatory view showing the coil forming apparatus of the 
second embodiment in a state in which the end of a coil receiving portion of the 
inserter jig has been fitted into a fitting slot in the coil winding frame of the winding jig. 

[0062] Fig. 1 5 is an explanatory view showing the coil forming apparatus of the 
second embodiment in a state in which each outside winding frame portion of each 
coil winding frame of the winding jig has been moved to the release position. 

[0063] Fig. 1 6 is an explanatory view showing the coil forming apparatus of the 
second embodiment in a state in which a piston of the winding jig has been advanced 
and the multipole coil has been pushed to a prescribed position on the inserter jig. 

[0064] Fig. 1 7 is an explanatory view showing the coil forming apparatus of the 
second embodiment in a state in which the winding jig has been retracted from the 
inserter jig. 

[0065] Fig. 1 8 is an explanatory view showing the coil forming apparatus of the 
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second embodiment in a state in which the coil receiving portion of the inserter jig is 
inserted through the center face of a stator core. 

[0066] Fig. 19 is a cross-sectional view of coil receiving portions and guide 
portions of the inserter jig inserted into the stator core as shown in Fig. 18. 

[0067] Fig. 20 is an explanatory plan view showing the coil forming apparatus 
of the second embodiment in a state wherein a multipole coil is inserted into the slots 
of the stator core, in accordance with the second embodiment. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

First Embodiment 

[0068] A first embodiment of coil forming apparatus and method, with formation 
of a multipole coil, will now be described with reference to Figs. 1 to 1 1 . 

[0069] As shown in Figs. 1 and 2, the coil forming device 1 of the first 
embodiment forms a multipole coil 9 joining plural monopole coils 90. The coil forming 
device 1 is shown as including an unillustrated base frame, a turning arm 21 
supported in the base frame for rotation around a central axis C2, and a winding jig 
2. The winding jig 2 has an index holder 22 mounted for movement relative to the 
turning arm 21, and plural coil winding frames 3 arranged around the outer 
circumference of index holder 22. 
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[0070] The winding axes C1 for winding the electric wire 99 around the coil 
winding frames 3 are approximately parallel and also approximately parallel to the 
central turning axis C2. The coil forming device 1 is constructed such that the coil 
winding frames 3 for winding the above electric wire 99 can sequentially approach the 
central turning axis C2 by movement of the index holder 22. 

[0071] As shown in Figs. 1 and 2, the index holder 22 is mounted on the above 
turning arm 21 for rotation about a central rotation axis C3 located approximately in 
parallel with the central turning axis C2. Further, the coil winding frames 3 are 
arranged on the index holder 22 in an arc shape and spaced about the same distance 
from the central rotation axis C3. 

[0072] The distance L1 from the central rotation axis C3 to the winding axes 
C1 of the coil winding frames 3 is set approximately equal to the offset distance L2 
from the central turning axis C2 of the turning arm 21 to the central rotation axis C3 
of the index holder 22. 

[0073] The winding axes C1 of the coil winding frames 3 can be sequentially 
moved into approximate alignment with the turning central axis C2 by rotating the 
above index holder 22 through a predetermined angle with respect to the turning arm 
21 and the electric wire 99 can be wound on the thus aligned winding frame. 



17 



r r 

[0074] Further, a pole joining coil 9 in an arc shape can be formed by the coil 
winding frames 3 (see Fig. 1 1 ). 



[0075] As shown in Fig. 3, each coil winding frame 3 is arranged so as to be 
advanced and retracted along central turning axis C2. The coil winding frame 3 for 
winding the above electric wire 99 can be projected relative to the remaining coil 
winding frames 3 by advancing the coil winding frame 3 in a direction away from the 
turning arm 21 . Therefore, the electric wire 99 can be easily supplied to the above 
projected coil winding frame 3 in a direction perpendicular to its winding axis C1 . 
Accordingly, the electric wire 99 is easily supplied and can be easily wound around the 
coil winding frame 3. 

[0076] As shown in Fig. 2, each coil winding frame 3 is arranged on the outer 
circumference of the index holder 22. In this example, the coil winding frames 3 are 
arranged at approximately equal intervals on the outer circumferential face of the 
index holder 22. Further, in this example, four coil winding frames 3 are arranged to 
form the multipole coil 9 by joining four monopole coils 90. 

[0077] As shown in Figs. 3 and 4, each coil winding frame 3 has an inside 
winding frame portion 31 attached to the index holder 22, and an outside winding 
frame portion 32 pivotally attached to the inside winding frame portion 31 . The outside 
winding frame portion 32 can be moved so as to change the distance between the 
outside winding frame portion 32 and the inside winding frame portion 31 , between a 
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winding position 301 for winding the electric wire 99 as shown in Fig. 3 and a coil 
release position 302 for separating the monopole coil 90 from the coil winding frame 
3 after completion of the winding operation as shown in Fig. 4. Further, the diameter 
of the outside winding frame portion 32 increases stepwise in a direction perpendicular 
to and away from the turning arm 21 . 

[0078] As shown in Fig. 3, when the outside winding frame portion 32 is set in 
the winding position 301 , the outside diameter of the coil winding frame 3 increases 
stepwise away from the turning arm 31. Accordingly, it is possible to form the 
monopole coil 90 with its diameter increasing away from the turning arm 21 . It is also 
possible to form the monopole coil 90 having the winding diameter of a regular size 
determined by the distance between the outside winding frame portion 32 and the 
inside winding frame portion 31. 

[0079] When the multipole coil 9 is inserted and arranged in the slots 810 in 
the stator core 81 , the larger winding diameter is located at the opening sides of the 
slots 810. Coil end portions of each monopole coil 90, which project from both axial 
ends of the stator core 81 , are reduced in size by bending them so as to extend 
outward relative to the stator core 81 . Namely, the length of each monopole coil 90 
approaches a required minimum and the coil end portion can be reduced in size by 
forming each monopole coil 90 with its winding diameter increasing from one side to 
the other side. 
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[0080] As shown in Fig. 4, when the outside winding frame portion 32 is set in 
the release position 302, the outside diameter of the coil winding frame 3 is reduced 
in the downward direction. Each monopole coil 90 can be easily removed by reducing 
the distance between the outside winding frame portion 32 and the inside winding 
frame portion 31. 

[0081] As shown in Figs. 3 and 4, each coil winding frame 3 has a handle 35 
for manually advancing and retracting and is fixed in the advanced position or the 
retracted position by a positioning pin 34. Alternatively, each coil winding frame 3 can 
be advanced and retracted by using a cylinder or a motor. 

[0082] A cam 33 is pivotally mounted in each inside winding frame portion 31 
of each coil winding frame 3. As shown in Fig. 3, the winding position 301 is 
established when the cam 33 is raised toward the outside winding frame portion 32. 
As shown in Fig. 4, the release position 302 is assumed when the cam 33 is lowered 
(falls) toward the inside winding frame portion 31 . Alternatively, the outside winding 
frame portion 32 can be moved between the winding position 301 and the release 
position 302 by using a cylinder or a motor. 

[0083] As shown in Figs. 1 and 2, connecting wire winding frames 41 for 
winding a connecting wire 995 connecting the respective monopole coils 90 to each 
other are provided between (alternate with) the respective coil winding frames 3 
around the index holder 22. In the embodiment depicted in Figs. 1 and 2, three 
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connecting wire winding frames 41 are arranged between the four coil winding frames 
3. A connecting wire 995 of a prescribed length is formed between the monopole coils 
90, formed on the respective coil winding frames 3, by winding the electric wire 99 
around the connecting wire winding frame 41 (see Fig. 11). 

[0084] As shown in Figs. 1 and 2, in this embodiment, a lead winding frame 42 
is arranged between a first coil winding frame 3a for forming the first coil and a fourth 
coil winding frame 3d for forming the final coil. The lead winding frame 42 is arranged 
to secure a predetermined length of the lead wire 996 by winding the electric wire 99 
in advance before the electric wire 99 is wound around the first coil winding frame 3a. 
This lead wire 996 is connected to the first monopole coil 90a formed on the first coil 
winding frame 3a (see Fig. 11). 

[0085] In this embodiment, the sectional shape of the lead winding frame 42 
is approximately circular, and the lead wire 996 of a predetermined length can be 
secured to the end of the first monopole coil 90a without bending of the electric wire 
99. 

[0086] Similar to the coil winding frame 3, the connecting wire winding frame 
41 and the lead winding frame 42 can also be advanced and retracted in a direction 
along the central turning axis C2 of the index holder 22, and are advanced in a 
direction away from the turning arm 21 so as project axially beyond the remaining coil 
winding frames 3 and connecting wire winding frames 41 . 
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[0087] As shown in Figs. 1 and 2, the above turning arm 21 can be turned in 
both clockwise (normal) and counter-clockwise (reverse) directions about central axis 
C2. In this embodiment, the joining pole coil 9 joins four monopole coils 90 wound in 
the same winding direction. Therefore, the direction of rotation of the turning arm 21 
in winding on the coil winding frame 3 is the reverse of the direction of rotation of the 
turning arm 21 in winding around the connecting wire winding frame 41 . Therefore, 
the coil forming device 1 is alternately rotated in the normal and reverse directions to 
form the multipole coil 9. 

[0088] In the following description, the rotational direction of the turning arm 
21 in winding the wire 99 around the coil winding frame 3 is referred to as the normal 
direction, whereas the rotational direction of the turning arm 21 in winding around the 
connecting wire winding frame 41 and the lead winding frame 42 is referred to as the 
reverse direction. 

[0089] A turning device (not shown) for turning the turning arm 21 about its 
central turning axis C2 is provided on the base frame. In this embodiment, the turning 
device is manually turned by provision of a handle on the turning arm 21. 
Alternatively, a motor or an indexing cylinder, operated by electricity, oil or air 
pressure, etc. can be used for turning the turning arm 21 . 

[0090] A method for forming the multipole coil 9 by using the above coil 
forming device 1 will next be explained. 
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[0091] In this coil forming process, the monopole coil 90 is formed by 
sequentially performing the steps of indexing, projecting and winding, as described 
below, for each coil winding frame 3, and forming the multipole coil 9 in which the 
monopole coils 90 are joined. 

[0092] As shown in Fig. 1 , in starting operation of the coil forming device 1, 
the above lead winding frame 42 is located in the position closest to the central turning 
axis C2 of the turning arm 21 , i.e. with the index holder 22 in its initial position. In this 
initial position, the winding axis C1 in the lead winding frame 42 is approximately 
aligned with the central turning axis C2 of the turning arm 21 . 

[0093] To start the winding process, the lead winding frame 42 is advanced 
downward so that it is projected relative to the coil winding frames 3 and the 
connecting wire winding frames 41 (see Fig. 5). Then, the electric wire 99 is fed to the 
lead winding frame 42 and the turning arm 21 is turned in the "reverse" direction so 
that the electric wire 99 is wound around the lead winding frame 42 and the lead wire 
996 of a predetermined length is formed. 

[0094] The electric wire 99 is supplied (fed) to the coil forming device 1 in a 
direction perpendicular to a winding axis of a coil winding frame 3, a connecting wire 
winding frame 41 , or the lead winding frame 42. 
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[0095] Next, as shown in Fig. 5, in an indexing step, the index holder 22 is 
rotated through a predetermined angle and the winding axis C1 of the first coil winding 
frame 3a is brought into approximate alignment with the central turning axis C2, i.e., 
the first coil winding frame 3a is advanced to the projected position (moved axially 
downward) and the lead winding frame 42 is retracted. 

[0096] As shown in Fig. 6, as in the above-described winding process, the 
electric wire 99 is supplied to the first coil winding frame 3a and the turning arm 21 is 
turned in the normal direction of rotation, and the first monopole coil 90a is formed by 
winding the electric wire 99 in plural turns around the first coil winding frame 3a. The 
outside winding frame portion 32 of the first coil winding frame 3a is located in the 
winding position 301, with the outside diameter of this first coil winding frame 3a 
increasing stepwise in the downward direction. In this manner the monopole coil 90 
has its diameter increased in the downward direction. 

[0097] Next, as shown in Fig. 7, the indexing step is repeated and the winding 
axis C1 of a first connecting wire winding frame 41a is brought into approximate 
alignment with the turning central axis C2 by rotating the index holder 22 through a 
predetermined angle. Further, the first connecting wire winding frame 41 a is lowered 
(projected) and the first coil winding frame 3a is retracted. 

[0098] Next to form the connecting wire, the electric wire 99 is supplied to the 
first connecting wire winding frame 41a and the turning arm 21 is turned in the reverse 
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direction of rotation, and the connecting wire 995 is formed by winding the electric wire 
99 around the first connecting wire winding frame 41a. 

[0099] Next, as shown in Fig. 8, the indexing step is repeated and the index 
holder 22 is rotated through a predetermined angle to bring the winding axis C1 of a 
second coil winding frame 3b into approximate alignment with the central turning axis 
C2. The projecting step then lowers the second coil winding frame 3b to a projected 
position and the first connecting wire winding frame 41a is retracted. 

[0100] As shown in Fig. 9, the above-described winding process is then 
repeated and the electric wire 99 is supplied to the second coil winding frame 3b and 
the turning arm 21 is turned in the normal direction to form the second monopole coil 
90b by winding the electric wire 99 around the second coil winding frame 3b. 

[01 01] Thereafter, as shown in Fig. 1 0, each connecting wire 995 is formed by 
repeating the above-described indexing, projecting and connecting wire forming steps 
for a second connecting wire winding frame 41b and a third connecting wire winding 
frame 41c. A third monopole coil 90c and a fourth monopole coil 90d are formed by 
repeating the above-described indexing, projecting and winding steps on a third coil 
winding frame 3c and a fourth coil winding frame 3d. 

[0102] As shown in Fig. 11, the multipole coil 9 is constructed by joining the 
first to fourth monopole coils 90a to 90d by the respective connecting wires 995. Fig. 
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1 1 schematically shows monopole coils 90a to 90d respectively formed on first to 
fourth coil winding frames 3a to 3d and the multipole coil 9 formed at all of the winding 
frames 3a to 3d, 41a to 41 d, 42. 

[0103] In operation of the above coil forming device 1, the above electric wire 
99 is wound around the coil winding frame 3 closest to the central turning axis C2 to 
form monopole coil 90 by rotating the turning arm 21 together with all the winding 
frames 3 and the index holder 22. Therefore, no electric wire 99 is wound by rotating 
a winder around the outer circumference of a fixed winding frame as in the 
conventional case. Accordingly, each monopole coil 90 can be formed on a coil 
winding frame 3 almost completely without distortion of the electric wire 99. 

[0104] Further, because the winding axes C1 of the coil winding frames 3 can 
be sequentially brought into approximate alignment with the central turning axis C2 of 
the above turning arm 21 by rotating the index holder 22, although the coil forming 
device 1 has plural coil winding frames 3, the electric wire 99 can be wound on a coil 
winding frame 3 which is not eccentric, or only slightly eccentric, relative to the central 
turning axis C2. 

[0105] After a monopole coil 90 is formed in one of the coil winding frames 3, 
the index holder 22 is rotated and the winding axis C1 of the next adjacent coil winding 
frame 3 is brought into approximate alignment with the central turning axis C2, to form 
additional monopole coils 90 as described above. Therefore, the electric wire 99 can 
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be constantly fed (supplied) in a direction approximately perpendicular to the winding 
axis C1 of the coil winding frame 3 currently in use in the winding operation. Thus, the 
electric wire 99 can be stably wound around each coil winding frame 3 and the 
multipole coil 9 stably formed almost completely without generation of torsion. 

Second Embodiment 

[0106] A coil forming insertion device and a coil forming insertion method in 
accordance with the second embodiment, utilizing a winding jig and a inserter jig will 
now be explained with reference to Figs. 1 2 to 20. Further, a method for transferring 
the multipole coil held on the winding jig to the inserter jig, and a method for 
transferring the multipole coil from the inserter jig into slots of the stator core will also 
be explained. 

[0107] Further, the winding jig used in the second embodiment is the same as 
the winding jig used in the first embodiment, and may also be explained by reference 
to Figs. 1 to 1 1 . 

[0108] As shown in Fig. 13, the coil forming and insertion device 5 of this 
second embodiment includes a winding jig 2 and an inserter jig 6. The winding jig 2 
forms the multipole coil 9 by joining plural monopole coils 90 formed by winding the 
electric wire 99 in a loop shape. The inserter jig 6 is axially aligned in opposition to 
this winding jig 2 and receives the multipole coil 9 and inserts and arranges this 
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multipole coil 9 in plural slots 810 formed on the inner circumferential face of the stator 
core 81. 



[0109] As shown in Fig. 12, the winding jig 2 has plural coil winding frames 3 
and the inserter jig 6 has plural coil receiving portions 62 for respectively receiving the 
monopole coils 90 from the coil winding frames 3. 

[0110] As shown in Fig. 16, the coil forming insertion device 5 has each coil 
receiving portion 62 opposed to a coil winding frame 3, and the multipole coil 9, 
constructed by joining the monopole coils 90, is transferred from the winding jig 2 to 
the inserter jig 6. 

[0111] As shown in Figs. 1 and 2, in the above winding jig 2, the plural coil 
winding frames 3 are arranged at approximately the same radial distance from the 
central point of the winding jig 2. Further, in the winding jig 2, the winding axes C1 are 
approximately parallel to each other. 

[01 12] On the other hand, as shown in Figs. 12 and 13, the above inserter jig 
6 has an axially extendable core 61 for pushing the multipole coil 9 toward the slots 
810 of the above stator core 81 and for inserting this multipole coil 9 into slots 810. 
The above plural coil receiving elements 62 are arranged on the outer circumferential 
face of the core 61 and respectively receive a monopole coil 90 from each coil winding 
frame 3. 
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[01 13] In operation of the coil forming and insertion device 5, as shown in Fig. 
14, when the multipole coil 9 is transferred from the winding jig 2 to the inserter jig 6, 
each coil receiving portion 62 is opposed to the tip face 31 1 of a coil winding frame 3 
in alignment with its winding axis C1 . Each paired coil winding frame 3 and coil 
receiving portion 62 are connected to each other to form a route 60 for transfer of a 
monopole coil 90. 

[0114] As shown in Fig. 3, each coil winding frame 3 has a slot 312 for 
receiving the tip portion 621 of a coil receiving portion 62 of the inserter jig 6. In this 
embodiment, slot 312 extends parallel to winding axis C1 from the tip face 31 1 of each 
winding frame portion 31 . 

[0115] As shown in Fig. 14, slot 312 has a depth sufficient to allow the coil 
receiving portion 62 to extend completely through the monopole coil 90 wound around 
the coil winding frame 3. In other words, the slot 31 2 extends from the tip face 31 1 
of each coil winding frame 3 further than the winding of coil 90. 

[0116] As shown in Figs. 12 and 14, each coil winding frame 3 and each coil 
receiving portion 62 can be connected by fitting the tip portion 621 of the coil receiving 
portion 62 into the receiving slot 312 of a coil winding frame 3. Further, the multipole 
coil 9 can be transferred from the winding jig 2 to the inserter jig 6 in this connected 
state. 
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[0117] As shown in Figs. 12 and 13, the above winding jig 2 has a piston 23 
slidably mounted, so as to be advanced and retracted, within the center of each coil 
winding frame 3, for forcing the multipole coil 9 onto the above inserter jig 6. As 
shown in Fig. 16, piston 23 serves to push a monopole coil 90 off of a coil winding 
frame onto a coil receiving portion 62, to a predetermined position on the inserter jig 
6, by advancing the piston 23 in the direction away from the turning arm 21 . 

[0118] In this second embodiment, as shown in Fig. 18, the above-mentioned 
predetermined position is set so that the multipole coil 9 can be transferred from the 
inserter jig 6 into slots 810 of the stator core 81 . Therefore, after the multipole coil 9 
is transferred to and mounted on the inserter jig 6, the multipole coil 9 in this mounted 
state can be inserted into a slot 810 of the stator core 81 . 

[0119] As shown in Fig. 12, the above inserter jig 6 has plural guides 63 
arranged in approximately the same direction and arranged between the coil receiving 
portions 62. As shown in Fig. 19, these guides 63 are opposed to teeth 811 located 
between and defining the slots 810 of the stator core 81 and guide the insertion and 
arrangement of the multipole coil 9 into slots 810. 

[0120] As also shown in Fig. 12, an insertion clearance 64 for receiving the 
electric wire 99 of the monopole coil 90 is provided between each guide 63 and the 
adjacent coil receiving portions 62 on both sides of the guide 63. When the electric 
wire 99 of each monopole coil 90 is inserted into a clearance 64 and arranged on coil 
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receiving portions 62, each monopole coil 90 is constructed so as to connect this 
electric wire 99 with the electric wire 99 in the adjacent monopole coil 90. Thus, the 
electric wire 99 in each monopole coil 90 can be reliably inserted and arranged in the 
slots 81 0 of stator core 81 . 

[0121] As shown in Fig. 20, each piston 61 can be advanced and retracted 
relative to the coil receiving portions 62. When the coil receiving portions 62 and 
guides 63 are in position aligned with the inner circumference of the stator core 81 , 
the monopole coils 90 held by the coil receiving portions 62 can be inserted into 
respective slots 810 by advancing the piston 61 toward the stator core 81. 

[01 22] A coil forming insertion method for coil transfer and mounting and a coil 
insertion process will next be explained. In the coil transfer step, the multipole coil 9, 
formed according to the method of the first embodiment, is transferred to the inserter 
jig 6. In the coil insertion step, the multipole coil 9 is inserted into the respective slots 
810 of the stator core 81 by the inserter jig 6. 

[0123] Next, the coil transfer step for moving the multipole coil 9 from the 
winding jig 2 to the inserter jig 6 will be explained. 

[0124] As shown in Fig. 12, in this coil transfer step process, the multipole coil 
9 is transferred from the winding jig 2 to the inserter jig 6 using the coil forming and 
insertion device 5. 

31 



r c 

[0125] As shown in Fig. 13, in the coil transfer step, the entire winding jig 2 is 
first advanced toward the inserter jig 6. At this time, each coil winding frame 3 has its 
outside winding frame portion 32 in the winding position 301 (Fig. 3) with each 
monopole coil 90 under tension set so as to avoid breakage after the winding 
operation has been completed. 

[0126] As shown in Fig. 14, the tip 621 of each coil receiving portion 62 of the 
inserter jig 6 is fitted into the slot 312 of a coil winding frame 3 of the winding jig 2. 
Each coil winding frame 3 and each coil receiving portion 62 are connected by this 
operation, and a transfer path (surface) 60 for moving and mounting each monopole 
coil 90 is thereby formed. 

[01 27] In the above-described fitting (connecting) operation, the tip portion 621 
of each coil receiving portion 62 is inserted and arranged within the central opening 
of each monopole coil 90. 

[0128] Next, as shown in Fig. 15, the outside winding frame portion 32 of the 
coil winding frame 3 is moved to the separating position 302 (Fig. 4) whereby the 
outside diameter of the coil winding frame 3 is reduced in the direction away from the 
turning arm 21. Therefore, each monopole coil 90 can be separated from the coil 
winding frame 3 on which it is mounted. 
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[01 29] Next, as shown in Fig. 1 6, the piston 23 of the winding jig 2 is advanced 
toward the inserter jig 6 to push the monopole coil 90, wound around the outer 
circumference of the coil winding frame 3, until it reaches the prescribed position 
abutting the core 61 of the inserter jig 6. 

[01 30] At this time, a transfer path (surface) 60 is established within the central 
opening of each monopole coil 90, so that each monopole coil 90 can be transferred 
from its coil winding frame 3 to a coil receiving portion 62. 

[0131] Thereafter, as shown in Fig. 17, the winding jig 2 is retracted and 
thereby separated from the inserter jig 6, and the multipole coil 9 is moved and 
completely mounted on the inserter jig 6. 

[0132] The coil insertion process will next be explained. 

[0133] As shown in Figs. 18 to 20, in the coil insertion step, the multipole coil 
9 held by the inserter jig 6 is inserted and arranged within the plural slots 810 formed 
on the inner circumferential face of the stator core 81 . 

[0134] As shown in Figs. 18 and 19, coil receiving portions 62 of the inserter 
jig 6 are inserted into position opposing the inner circumferential face of the stator core 
81. At this time, the above respective guides 63 are arranged opposing teeth 811 
between the respective slots 810 on the inner circumferential face of the stator core 
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[0135] Next, as shown in Fig. 20, the core 61 is advanced toward the stator 
core 81. At this time, the electric wire 99 of each monopole coil 90 held on the coil 
receiving portions 62 is inserted into and arranged in each slot 810. When the tip of 
the core 61 then extends toward the tips of the coil receiving portions 62 and is 
advanced, each monopole coil 90 is inserted into and arranged within a slot 810, and 
the multipole coil 9 is thereby incorporated into the stator core 81 . 

[01 36] Thus, a stator for a three-phase motor, including U-phase, V-phase and 
W-phase, is manufactured in accordance with the above first and second 
embodiments. In this embodiment, the winding jig 2 is shown as having four coil 
winding frames 3 and three connecting wire winding frames 41 , and the inserter jig 6 
has eight coil receiving portions 62 and eight guides 63. 

[01 37] A four-pole coil as the multipole coil 9 is formed on the winding jig 2 by 
joining four monopole coils 90, and transferred to and inserted into a core by the 
inserter jig 6. This process is then repeated to assemble two four-pole coils within the 
stator core 81 to form the U-phase as an eight-pole coil (two joined four-pole coils). 
To form the V-phase and the W-phase, an eight-pole coil is similarly formed by joining 
two four-pole coils in the above-described manner. 
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[01 38] Thus, by use of plural coil winding frames 3 arranged in the winding jig 

2 to form a monopole coil 90 on each coil winding frame 3, the monopole coils can 
be formed with their relative positions fixed, and it is possible to fix the length of the 
connecting wires 995 formed between the monopole coils 90. 

[0139] Further, with each coil winding frame 3 connected with coil receiving 
portions 62, when the monopole coils 90 are transferred from the coil winding frames 

3 to the coil receiving portions 62, each monopole coil 90 can be reliably moved along 
a transfer path 60 within the central opening of the monopole coil 90. 

[0140] Each monopole coil 90 can be approximately simultaneously transferred 
to the coil receiving portions 62. Therefore, in this transfer, there is almost no case 
in which the winding order of each electric wire 99 in a monopole coil 90 is different 
from the winding order in which the above winding operation is performed. In other 
words, when the monopole coils 90 having their winding diameter increased from one 
side to the other are transferred to and mounted on the inserter jig 6, the winding order 
of the wire on each is not changed and the monopole coil 90 can be transferred and 
mounted with each electric wire 99 in proper alignment. 

[0141] Therefore, the multipole coil 9 can be transferred from the winding jig 
2 to the inserter jig 6 almost without changing the state of the multipole coil 9. 
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